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APPLICATION OF ROCK VARNISH DATING OF QUATERNARY SURFICIAL

DEPOSITS IN DETERMINING TIMES OF FAULT MNENENT

by

Charles D. Harrlngton

Earth and Space Sciences Dlvlslon

Los Alamos National Laboratory

Los Alamos, NN 87545

ABSTRACT

Rock vamfsh, a coating comonly found on rock surfaces In arid and

semiarid regions, has a significant potential in paleoseisnic studies, as a

wide variety of Quaternary surfaces and surficlal deposits can be dated with

the rock varnish technfque. If the fomatlon of geomrphic surfaces or

~urflcial deposfts can be related to ttms of faultlng or If faulting has

broken or deformed such features, then rock varnish datfng can be used to

constra!n maxfsum and nfnfww tfmes of mtfon on the related fault.

INTRODUCTION

Rock vam;.h, a ubiquitous , manganese and fron rfch coatfng on boulders In

arfd and smfarld regfons, has long been of fnterest as a potential age

Indicator. Reca?t work (Own, 1983; Marrfngton and Whitney, fn press) has

demonstrated that rock varnfsh fs an effectfve medium fordatlng geomorohlc

surfaces and surflctal deposits over an age range of several thousand to over a

rnlllfon years. The ratfo of several minor elements wlt.htn the varnish

[( K+Ca) /111 has been shown to be a~e dependent and to decrease WI th t I me. Reck

varntsh cation ratios (VCRs) obtained for geomorphic surfaces which have been
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Isotoplcally dated are used to construct calibrated VCR curves (area speclf-lc

plots of VCR versus log time). These varnish curves can then be used to daf[e

varnish of unknown age throughout the region of calibration. Varnish ages from

surface c?asts represent the surface exposure time of the cl-sts. This in turn

represents the tine that the surface was Incised and stabilized (ceased being a

surface of active transport). Thus, using calibrated cation ratio curves, the

time of Inltlal varnish formation on surface clasts (a nlnlmum age estlmte for

surface fonnatlon) can be detemlned for a variety of geomorphic surfaces

wlthln the region.

METHOO

Rock varnish is analyzed using a scanning-electron Islcroscope (SEM)

equipped with an energy dispersive x-ray analyzer. Whereas others detach the

varnish before analysis (Dorn, 1983, Dorn and others, 1986), with the SEM

elemental ratios are calculated for undisturbed varnish on portions of

vamle,hed clasts (Harrlngton and Whitney, in press). Eight to ten clasts are

analyzed for each surface to be dated and a VCR Is calculated for the surface

by averaging the VCRs determined for all analyzed surface clasts. Geomorphic

surfaces dated

curves. K-Ar,

press) and C14

by a variety of Isotopic technlq~ s can be used to ml Ibrate VCR

U-series, ●nd U-trend dated surfaces (Harrlngton and Whitney, In

dated surfaces (Oorn and others, 1986) hav~ been used for VCR

curve calibration.

Cation ratio curves have been constructed for the Coso Range and Mojave

region in southern Califomla (Dorn, 1983: Dom and others, 1986) and for the

Espaflola basin, New Hexico and a portion of the Nevada rest. Site (Harr!ngton

and I#hltney, in press). The Espaflola basin curve (Fig. 1) was calibrated for

the time interval of i?O ka to 500 ka, using a couhlnatlon of four uranfum

series dated erosion surfaces ●nd four surface ages based orI carbonate
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accumlatlon In soils (Dethler and others, In press). The curve for the NTS

(Harrlngton and Uhl tne~, In press) was calibrated using three uranium-trend

dated alluvial surfaces and two K-Ar dated lava flows, ranging In age from 4@

kato 1.1 M. Each of the cuwes possess a unique y Intercept and slope,

suggesting that cation ratio curves are speclflc to the region of calibration.

Regional dlfterences In dust conymltlon and deposltlonal rates as well as

rainfall type and amunt may be possible causes for differences In VCR curves

between regions. The size of an area over which a VCR curve can be used for

dating Is not yet known, but probably varies depending on the degree of

varlablllty of climatic factors across the region.

A crltlcal assu~tlon In curve calibration Is that dated varnish Is the

same age as the dated deposit used for calibration. In addltlon It must be

assured that the dcposlt has been continually exposed throughout the time of

vamlsh fomatlon. Dorn and others, (1986) have noted that vamlsh fonuatlon

begins soon (< than 200 years) after surface ●xposure of a deposit. Thus, for

deposits forwhlch contlnuul exposure can be demonstrated, the assqtlon cf

equality In varnish and deposit age Is ‘Ilkely valid. As deposit age increases

the demnstratlon of continual exposure beccnes progressively mre difficult

and for older deposits often can not be made with a high degree of certainty.

In the case of K-Ar dated lava flows, an additional ass~tlon Nst be that the

tl~ between flow deposition and vrnmlsh Inltlatlon on stable flow surfaces Is

short when c~ared to flow age.

Accuracy in the determination fJ~ the age of a gmmorphlc surface Is mst

severely limited at present by our ability to recognize and select the mst

mature varnish frm the surface to be dated. This beccmes progressively more

dlfflcult and crltlcal the younger the surface. Research directed at a better

understanding of the manner and rate of vamlsh formtlon will permit better

saqle selection. Thus, the result w1ll be reduced standard deviations for \CR
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calibration points, VCR curves that are better constrained, and greater

apparent accurdcy ~n age estimates.

A cation ratfo curve can be extended Into Holocene time by (1) usin~

varnish cation ratios from surfaces or deposits of Holocene age dated by C14 or

other Isotopic techniques or (2) extrapolation from the calibrated Interval.

The standard deviation of VCR’s for an Individual surface Is greater the

younger the surface. Thus, calibration curve position is most poorly

constrained In the youngest portion of the curve. Extrapolation of the curve

Into the Holocene froacallhration points based on deposits considerably older

than Holocene Increases the uncertainty of curve posltlon.

We have dated varnish formation on pediment surfaces, alluvlal fans,

fluvlal terraces, colluvlal hlllslope deposits, stable eollan deposits, and

geomorphic surfaces which have been faulted (Dethler and t(arrlngton, 1986:

Barrington, 1986a; Narrlngton, 1986b: Harrlngton and Dethler, 1987; Dethier and

others, in press: Harrlngton and U5itney, in press). ideal surfaces for rock

varntsh dating are those on deposits containing large clasts that project well

above the SOI1 surface.

APPLICATION OF ROCK VARNISH DATJNG IN PALEOSEISM3LOGY

Rock varnish dating of landfoms has a high potenttal uf:ll Ity In

paleoselsdc Investigations. The significance of rock varnish datfng to

paleoselsuic studies lies In the larqe variety of geanorphlc surfaces and

deposits potentially datable by this technique. Many such deposits, especially

those of coarse clastlc material, may not be easily datable by conventional

Isotopic technlqu~s. The age of these deposits, however, may be crucial In

constraining tlwes of movement on faults which deform the deposits or to which

their formation Is related. If formation of geomorphic surfaces or surflclal

deposits can be related to times of faultlng then rock varnish dating can yield
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maximum and/or minimum times of motion for the related fault segments. Dating

of surfaces which have been disrupted by faulting yields a maximum time since

most recent fault motion. In llke manner, varnish dating of surficial

deposits, such as colluvial wedge material, which have been shed off of or over

the scarp provide estiraates of the minimum time since last fault motion

occurred.

We have used rock varnish dating within the Espaflola basin to determine

the tfme of formation of landforms that are related to faulting in order to

constrain the time of most recent fault mtion. Four Quaternary erosion

surfaces, formed along the western side of the basin, have been broken or

defomed itlonq three groups of related faults which are part of the Pajarito

fault system, Estimates of surface ages and correlation of surfaces along the

western side of the basin were based on mck varnish cation ratios frars

varnished surface clasts (Dethier and others, in press). The four erosion

surfaces range in age from about 500 ka to 80 ka, and lie 200 t.o 15 meters

above present base level, the Rio Grande (Fig. 2). The maximum time since

movement has occurred on a fault can be constrained by the rock varnish age of

the youngest erosion surface displaced by the fault.

Each of the surfaces step down to the east along a series of north

trending scaIrps which truncate the surfaces along a trend perpendicular to

surface slope. Near Hernandez, New Mexico these north trending scarps are 0 to

20 m high and coir,cide with a series of north trending fault traces ~tiarrington

and Dethier, 1987). Rock varnish dating has been used to establish the time of

formation of one of these r!orth trending scarp. (Fig. 3). The surface that

extends back from the top of the scarp yields a rock varnish age of 103 ka.

Varnished clasts on sedisrent that was deposited on the surface at th’ foot of

the scarp yields an agt estimate of 72 ka, while clasts taken from the top of

the scarp itself give an age estimate of 31 ka. We thus cot~clude that the
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scarp formed between 103 and 72 ka, and has undergone

ka.

Rock varnish dating of

Espallola basin to constrain

Hemandez, New Uexico a NNW

an erosion surface that has

other geomrphic features

the time of last movement

regrading until about 31

has also been used in the

on faults. West of

trending fault showing recurrent movement offsets

a rock varnish age of 240 ka, a minimum of 6 M.

This fault appears to cut the sediment fill of a paleochannel. Varnished

clasts from the surface of the paleochannel sediment fill yield an age estimate

of 40 ka. Thus, if the fault cuts the paleochannel, then the 6 mof offset has

occurred during a significantly shorter time period than the 240 ka derived by

using the age of the erosion surface to constrain the timing of last fault

movement.

CCMCLUSIONS

The ages of surficlal deposits and geomorphic surfaces broken by or

related to faultlng are ofter~ critical controls in constraining the timing of

fault motion. Frequet:tly, i~ercise relations between datable materials and

pertinent geomorphic features significantly 1 imits the appl icabi 1 i ty of

isotopic techniques (Dohrenwend and others, 1986). It is possfble, however,

with rock varnish dati,ng, to obtain ages for many such surfaces or features,

especially those fo~med on coarse clastlc materials.

Thus, rock varnish dating has a significant potential in paleoselsmic

investigations In arid and saiarid regions because of the large variety of

surficial deposits and gcomo~hic surfaces which can be dated by the technique.

Rock varnish dating offers the potential for both: (1) determining the age of

many gecmorphtc surfaces and surflcial deposits whictt may not be readily

datable by !sotclplc techniques , and (2) e~aluating whether an isotopic date Is
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an accurate portrayal of deposit age or Instead, represents a later event which

has reset the Isotopic clock for that deposit.
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List of Figures

figure 1. Rock varnish dating curve for the Espaflola basin, New Hexlco (from
Dethler and others, In press). Line Is least squares flt through
the uranium series dated ~lnts (Barrington Snd Uhltney, In press).
Ages of surfaces Ql, ~, Q3, and Q4 were estimated using their
maxlum carbonate accumulation ([Oethler and Demsey 1904) and an
●stlnatecl CaC03 accumlatlon rate of 0.22 gcrn-2ka-i (see Dethler and
others, In press, for details).

2. Profiles of geomrphlc surfaces projected to the Rlo Chtua and Rio
Grande system, western Espaflola basin (frcm Dethler and others, In
press). Letters designate the location of: Arroyo del Placlo (A);
Rlo del Oso (B); RIo Ojo Callente (C); Arroyo de la Press (D);
Arroyo de la Plaza Larga (E): and Santa Clara Creek (F).

3. Sketch of relationships along scarp, west of tlernandez, New Mexico.

[1
A original g~rphlc surface, (B) following scarp formtlon, and
C rock varnish (VCR) ages derived for surfaces and deposits

related to the scarp.
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